The objective of this study was to compile and analyse existing scientific evidences reporting the effects of objectively measured physical activity on the levels of adiponectin and leptin. Articles related to the effects of objectively measured physical activity on the levels of adiponectin and leptin were searched from the Medline and PubMed databases. The search was limited to 'objectively measured' physical activity, and studies that did not objectively measure the physical activity were excluded. Only English articles were included in the search and review. A total of 18 articles encompassing 2,026 respondents met the inclusion criteria. The eligible articles included all forms of evidence (e.g., cross-sectional and intervention). Seventeen and 11 studies showed the effects of objectively measured physical activity on adiponectin and leptin, respectively. Five and four cross-sectional studies showed the effects of objectively measured physical activity on adiponectin and leptin, respectively. Two out of five studies showed a weak to moderate positive association between adiponectin and objectively measured physical activity, while three out of four studies showed a weak to moderate inverse association between leptin and objectively measured physical activity. For intervention studies, six out of 12 studies involving adiponectin and five out of seven studies involving leptin showed a significant effect between the proteins and objectively measured physical activity. However, a definitive conclusion could not be drawn due to several methodological flaws in the existing articles and the acute lack of additional research in this area. In conclusion, the existing evidences are encouraging but yet not compelling. Hence, further well-designed large trials are needed before the effectiveness of objectively measured physical activity in elevating adiponectin levels and in decreasing leptin levels could be strongly confirmed.
Introduction
Globally, many adults may not perform sufficient physical activity to maintain good health (1) . Physical activity can be defined as any bodily movement produced by skeletal muscles that require energy expenditure (2) and it has major impact on health. Increased physical activity level and decreased sedentary time may assist with weight management (3) and reduce the risk of getting chronic diseases which include ischemic heart disease, stroke, type 2 diabetes, hypertension, breast cancer and cognitive disorder as well as osteoporosis (4) (5) (6) . There are many mechanisms that may act through the effects of physical activity, which could result in changes to circulating adipokines and cytokines, insulin resistance and blood insulin levels, as well as sex hormone production (7) .
Physical activity is able to reduce the amount of adipose tissue which lowers the production of sex hormone, insulin, leptin and inflammatory markers that will decrease the exposure to potentially carcinogenic hormones and peptide as well as reduce many types of cancer risk (7) . A reduction in body fat will 8 rate monitor'. The reference lists of the retrieved papers and review articles were further handsearched for additional relevant citations. Unpublished theses were not included in literature search.
Inclusion criteria
The study design for the included articles could be anything from randomised control trial, non-randomised control trial or cross-sectional study measuring objectively measured physical activity and adiponectin or leptin levels in any tissue human adult subjects (> 18 years old). The articles must be in full-length and published in peer reviewed journals.
Exclusion criteria
Articles were excluded if they were in non-English language or if they were reviews or abstracts. Articles were also excluded if physical activity assessment was not assessed objectively using calibrated tools. increase adiponectin and decrease leptin levels. Physical activity was associated with changes in body weight or body fat which will further affect insulin sensitivity (7) . Thus, increased physical activity specifically those with moderate to high intensity may increase adiponectin (8) (9) (10) (11) (12) (13) (14) (15) (16) and decrease leptin levels (8-11, 13, 17-20) .
Adiponectin, also known as AdipoQ or ACRP30, is a serum protein hormone secreted from white adipose tissue into the circulation, found in high concentrations (21) . Elevated concentration of adiponectin is associated with improved insulin sensitivity, reduced lipidemia and reduced inflammatory markers (8) . Furthermore, it is reported that serum adiponectin levels are inversely related to body mass index (BMI) (22, 23) and also estrogen levels (22) .
On the other hand, leptin is a peptide hormone secreted by adipose tissue which plays a central role in regulating human energy homeostasis (24, 25) . It has been proven that the level of leptin in blood serum is higher in the obese, in comparison with both adults and children of appropriate body mass. Moreover, physical activity might effectively reduce adipose tissue mass and also lower the level of leptin in blood serum (26) .
Studies exploring the effects of physical activity on circulating adiponectin and leptin level have resulted in inconsistent findings. Therefore, the purpose of this paper is to review published evidence for the effects of objectively measured physical activity on adiponectin and leptin in adults. To our knowledge, such a review has not been published previously.
Methods

Literature search
A literature search was conducted for scientific articles published between 2005 and 2015 using computerised databases including Medline and PubMed, in April 2015. The search was initiated using various combinations of the following keywords and terms related to adiponectin, leptin and physical activity as follows: 'Adiponectin' or 'AdipoQ' or 'ACRP30' or 'apM-1' or 'leptin' or 'Ob protein' and 'physical activity' or 'exercise' or 'sedentary' or 'aerobic' or 'training' and 'objectively measured' or 'accelerometer' or 'physical activity energy expenditure (PAEE)' or 'pedometer' or 'heart 
Results
Articles retrieved
The search generated 1,886 relevant citations 94 were included according to the inclusion and exclusion criteria. Most articles were excluded due to the nature of the studies which focused on subjectively measured physical activity. After the final selection, a total of 18 relevant studies met the inclusion criteria. Sociodemographic characteristics of the respondents are summarised in Table 1 and Table 2 . Crosssectional and intervention studies were included which consisted of six cross-sectional studies and 12 intervention studies. Most articles were based on investigations in the United States of America (19, 20, (27) (28) (29) . It was obvious that most studies were conducted in developed countries since information was rather lacking from developing and under-developed countries.
Socio-demographic characteristics
A total of 2,026 respondents were enrolled across 18 studies whereby 961 respondents were involved in cross-sectional studies while 1,065 subjects were recruited for interventions studies.
The respondents consisted of a total 889 men and 1,137 women in which four studies included men only, eight studies included only
Data extraction and analysis
Data on the methodology and outcomes for each study were extracted manually for analysis. The titles and abstracts of the identified articles were screened to eliminate duplicates and unrelated articles. A manual full text review was performed on all articles meeting the inclusion criteria in order to extract information from each article. The extracted information is presented in Tables 1, 2, 3 and 4 which included sociodemographic characteristics and the association or effect of physical activity on adiponectin and leptin.
Article information and respondent demographic distributions were summarised according to the author's name, year of publication, country, age, gender, sample and duration of the study. Additionally, effects of physical activity on adipokines (adiponectin and leptin) were also identified and analysed according to aims/purposes, physical activity assessment method, physical activity category, adiponectin and/or leptin site/assay/CV, analysis adjusted for body or fat mass, final findings and comments. For the outcome comparisons, we focused on cross-sectional and intervention studies on relationship between physical activity/exercise and adipokines (adiponectin and leptin). women while six studies involved both men and women. The cross-sectional studies enrolled 472 men and 489 women with three studies involved only women and no studies including men only.
Interventions studies included 417 men and 648 women with five studies including women only, four studies involved men only while three studies included both men and women. The respondents studied were of different health status; healthy (8, 9, 13, 17) sedentary and healthy (11, 12, 27, 30, 31) and with health problems (16, 18-20, 23, 28, 29, 32) .
risk of type 2 diabetes found that leptin showed a significant association between physical activity and leptin (P < 0.001) (10). Miyatake et al. again reported there was a significant association between physical activity and leptin among women respondents only (P < 0.001) (17) . However, Kozakova found no significant association between physical activity and leptin among participants who were not involved in regular intensive exercise training and competitive sports activity (31) .
Intervention studies
Twelve intervention studies had trial durations of one week to 18 months. A total of seven out of 11 studies included used plasma adiponectin (11-14, 18, 20, 29) while for leptin, three studies used serum (11, 19, 28) and three studies used plasma (13, 18, 20) as their measurement site. All plasma or serum adiponectin and leptin were analysed by using ELISA and RIA, except for Rogers et al. (2013) which analysed total adiponectin and leptin using bead-based immunoassay (MILLIPLEX ® ). The intra-assay coefficient of variation (CV) used for adiponectin was 0.9% to 9.3% and 3.0% to 8.3% for leptin. Inter-assay coefficient of variation used for adiponectin was 3.0% to 8.1%, and leptin was 3.4% to 8.3%. A total of three studies included analysis adjusted for body or fat mass (18, 19, 28) . The results of these studies were summarised in Table 4 . Most trials included aerobic exercise that incorporated treadmill walking/running, cycling, swimming, jump rope, and group activities (12-14, 16, 18, 20, 23, 29, 30) . The frequency of exercise sessions ranged from two to six times per week. The intensity of aerobic exercise differed across studies with most studies using moderate to high-intensity exercise.
An increase in adiponectin levels following exercise intervention were observed only in six out of 12 studies (11) (12) (13) (14) (15) (16) . Fatourous et al. found that level of adiponectin increases better on high intensity physical activity compared to moderate intensity physical activity among inactive men (P < 0.01) (11) . Among young obese men, Hara et al. reported that change in adiponectin level was negatively associated with a decrease in body weight (r = -0.664, P < 0.001) and body fat mass (r = -0.461, P < 0.05) due to physical activity intervention (12) . Meanwhile, Kondo et al. reported there was a positive association between physical activity and adiponectin (r = 0.34) among obese young women (13) .
Whereas, Lim et al. that included both younger
Relationship between physical activity/exercise and adipokines (adiponectin and leptin) levels
Cross-sectional studies
All studies obtained a fasting blood sample to assess plasma of adiponectin and leptin. An accelerometer was used to measure physical activity in all six studies included. Plasma adiponectin and leptin were mostly analysed by using enzyme-linked immunosorbent assay (ELISA) (10, 31) and radio immune assay (RIA) (8, 9, 17, 27) daily PA in older adults (> or = 65 years. The intra-assay coefficient of variation (CV) was in the range from 3% to 10% for adiponectin while 10% for leptin. Meanwhile, inter-assay coefficient of variation for adiponectin was from 7% to 15% and leptin was 15%. Out of six studies included, three studies involved analysis adjusted for body or fat mass (8) (9) (10) . Table 2 summarises the results of these cross-sectional studies. Five studies showed the effects of objectively measured physical activity on adiponectin and four studies on leptin.
Two out of five studies showed a weak to moderate positive association between adiponectin and objectively measured physical activity (8, 9, 32) . St-Pierre et al. reported that there was a weak positive association between physical activity and adiponectin (r = 0.31) among non-obese young women (8) . Among healthy older female Jurimae et al. found similar pattern of association where physical activity was moderately correlated with adiponectin (r = 0.438) (9) . Meanwhile, among people at high risk of type 2 diabetes Henson et al. showed no association between sedentary times and adiponectin (32) . Another study conducted by Kozakova et al. on participants who were not involved in regular intensive exercise training and competitive sports activity reported that physical activity has no association with adiponectin (r = -0.08) (31). Green et al. who investigated the associations between objectively measured physical activity, light activity, and markers of cardiometabolic health in young women showed that there were again showed no association between sedentary behaviour, light physical activity and moderate to vigorous physical activity with adiponectin, P > 0.05 (27) .
Three out of four studies involving leptin showed a weak to moderate inverse association with objectively measured physical activity (8, 32, 33 This review summarises the existing scientific evidence regarding the effects of objectively measured physical activity on adiponectin and leptin. The physiological relationship between physical activity, adipose tissue and adipokines (adiponectin and leptin) level is presented in Figure 2 . The increased physical activity might reduce adiposity which would lower the production of insulin, glucose and leptin levels. 
Cross-sectional Studies
Association between physical activity and adiponectin
Review of the included cross-sectional studies shows a positive correlation between objectively measured physical activity and adiponectin (8, 9) . This positive correlation might due to high proportions of respondents that met physical activity recommendation which associated with better adiponectin concentration (9) . St-Pierre et al. presented a significant positive finding on adiponectin (r = 0.31, P = 0.019) suggest that adiponectin concentration might be affected by reducing food intake in combination with increasing physical activity (8) . Meanwhile, a study by Kozakova et al. evaluated the association of average daily physical activity and bouts of moderate to vigorous physical activity showed no significant association due to a limited number of days (31) . Green et al. also presented the same result of no significant correlation between sedentary behaviour and physical activity with adiponectin (27) . However it is noteworthy that, 74% of the subjects in the study had at least one cardiovascular disease risk factor, and 72% were overweight or obese. Furthermore, those studies that failed to show a positive association between physical activity and adiponectin levels were not adjusted for body or fat mass.
There are several mechanisms that may act through the effects of physical activity which resulting changes to circulating adipokines, and older women, found adiponectin level increased after a 10-week exercise intervention in older and younger groups (14) . Saunders et al. also found that there was a significant increase in adiponectin levels both immediately (high: P < 0.005; low: P < 0.0001) and 30 minutes after exercise (high: P < 0.05; low: P < 0.01) among inactive obese men when examining the effect of acute and short-term aerobic exercise training at high intensity and low intensity (23). Falconer et al. reported adiponectin level increased only after six months of physical activity but the effect was limited only among men (16) . However, there were six other studies which showed no significant association between physical activity and adiponectin after intervention among various group of subjects (18) (19) (20) (28) (29) (30) .
For leptin, five out of six studies showed a significant effect on objectively measured physical activity. Fatourous et al. found that there was a decrease in leptin level either in low intensity, moderate intensity or high intensity physical activity among elderly males respondents (P < 0.01) (11). Kondo et al. also reported a decrease in leptin level after 7-months of moderate intensity of exercise regimen (P < 0.05) among healthy young female students (13) . Among obese women, Polak et al. reported a significant decrease in leptin level after aerobic training (P < 0.001) (18) . A study by Rogers et al. showed the association between physical activity and leptin (P < 0.05) among breast cancer survivors who were not regular exercisers after three months aerobic intervention (19) . However, Rejeski et al. who studied on older, overweight and obese individual at risk for cardiovascular disease reported a significant decrease in leptin occurred when physical activity combined with weight loss compared to physical activity only (P < 0.01) (20) . Among sedentary, overweight breast cancer survivors, Ligibel et al. reported no association between physical activity and leptin (28) .
Discussion
Physical activity were advantageous to a wide range of adult groups which allowed the control of metabolic dysfunction and restoration to normal levels of adiponectin and leptin which may potentially contribute to a better health outcomes (21) . Generally, adiponectin and leptin play an important role in regulation of energy metabolism since both adiponectin and leptin are closely associated with insulin resistance (33) . 
Intervention studies
Effect of exercise on adiponectin levels
It is known that exercise in moderate to high intensity have the largest impact on adiponectin levels. Therefore, several studies have attempted to establish the effects between physical activity and adiponectin levels. Conversely, in inferring the findings of this effect, it is necessary to consider the intensity and duration of the exercise protocols used as well as the variety of the participants involved. A study by Fatourous et al. among inactive men showed that the large increase in plasma adiponectin resulting from the high and moderate intensity resistance training protocol adapted in the study suggests a dose-response effect (11) . However, a study by Ligibel et al. presented no significant changes in adiponectin and high molecular weight adiponectin in either group possibly due to a short duration and moderate intensity of exercise intervention (28) . Marcell et al. also found no significant effect of physical activity on adiponectin levels which might be due to the moderate duration of exercise training implemented in the study (29) .
Most of the studies did not control for weight changes and, therefore, it is still questionable to consider exercise is a modifier of adiponectin. Adiponectin levels decreased with weight gain and increased with weight loss (40). It seems that modifications in body composition or body weight might be responsible for alterations in adiponectin levels. Kondo et al. reported that circulating adiponectin significantly increase in young obese women after seven months adapting to a moderate intensity exercise regimen that might resulted in loss of body fat concomitant with body weight reduction (13) . Moreover, change in adiponectin levels was negatively and significantly correlated with a decrease in body weight (r = -0.664, P < 0.001) and body fat mass (r = -0.461, P < 0.05) for all young obese men (12) . This finding suggest that participation in programs inducing improvement of body composition is more important for obese young men in increasing plasma adiponectin levels than how training is performed. Conversely, a recent study of plasma adiponectin levels in inactive, abdominally obese men showed that both acute and short-term (one week) aerobic exercise training significantly increased plasma insulin resistance and blood insulin levels as well as sex hormone production (7) . Many studies have attempted to establish an association between physical activity and adiponectin since physical activity may reduce insulin resistance and glucose metabolism (34) . Moreover, plasma levels of adiponectin increased by weight loss and decreased by weight gain (35) . Physical activity in combination with diet interventions has been shown to increase adiponectin levels robustly (36) . In understanding the association between physical activity and adiponectin, it is essential to consider the duration and intensity of the physical activity procedures used in various studies.
Association between physical activity and leptin
Leptin showed a weak to a moderate negative association in majority of the studies reviewed. An increased level of physical activity has been found to stimulate energy expenditure, and hence to increase the energy intake required to sustain a constant body mass and body composition (37). Reduced body weight after physical activity is correlated with reductions in plasma leptin concentrations. However, results regarding the effects of exercise on plasma leptin concentrations, independent of fat mass, are conflicting (38) .
Leptin was also negatively correlated with physical fitness (VO 2peak ) but not correlated with physical activity (8) . Physical fitness and physical activity are usually related, but the concept is different (39). Physical activity has been defined as any bodily movement produced by skeletal muscles that require energy expenditure (2) while physical fitness comprises cardiorespiratory endurance (assessed by either measured or estimated VO 2max ), muscle endurance and muscle strength, both of which are specific to a muscle group and must therefore be measured individually (39). A study by Miyatake et al. found a significant association between serum leptin levels and physical activity in women but not in men (17) . However, the gender difference in circulating leptin levels and physical activity could not be explained. Meanwhile, a study by Henson et al. that involved a population at high risk of type 2 diabetes mellitus found sedentary time was significantly associated with leptin could be due to potential bias from acute inflammation among participants that were under risk factors for chronic inflammation (32) . in developing and poorer countries in order to diverse the effect of physical activity on adiponectin and leptin to represent the global population.
Conclusion
In summary, it is concluded that objectively measured physical activity have potential benefits in improving adipokines (adiponectin and leptin) levels in several health conditions, as proved mainly in cross-sectional studies. Meanwhile, in majority of intervention studies, the association of physical activity and improving of adiponectin levels was not observed. However, the association of physical activity and leptin were observed in majority of the studies. Hence, studies of this nature need to be further investigated and improved before confirmation of the association of physical activity and adipokines (adiponectin and leptin) levels can be strongly substantiated. The necessity welldesigned randomised controlled trials which include the use of moderate or high-intensity physical activity of adequate duration to yield the changes in body composition that may increase adiponectin and decrease leptin circulation. The improving of adiponectin and leptin levels may assume to be beneficial for longterm health outcomes. Thus, special attention especially in high risk cohorts that include metabolic syndrome, cardiovascular disease, type 2 diabetes, cancer or overweight should be focussed.
adiponectin without any changes in weight or waist circumference (23) . However, it was found that aerobic training with mild weight loss did not change plasma adiponectin levels (18, 20) . More studies of resistance training reporting similar outcomes are still needed.
Effect of exercise on leptin levels
Many studies have evaluated the effect of different exercise protocols on leptin levels due to a multifaceted role of leptin in human metabolism (34) . A study by Rogers et al. showed a significant change in leptin could be due to the study design of study which aims longer period of exercise per week (19) . Meanwhile, a study by Rejeski showed a significant effect of leptin on the combined effects of long term physical activity and weight loss among overweight and obese older adults (20) . This significant change might be due to reduction of adipose tissue. Moreover, a study by Fatouros et al. reported leptin decreased with training in all exercise groups (low intensity, moderate intensity and high intensity) (11) . However, the results showed leptin training-induced changes are better maintained when a higher (> 80%) intensity is adapted during the preceded training period.
Strength and Limitations
This is the first review paper that presents the effects of objectively measured physical activity on adiponectin and leptin among adults which might provide better insight on the association of physical activity and adipokines (adiponectin and leptin). Objective measures such as accelerometer, step counters, and test of cardiopulmonary fitness offer a greater degree of reliability and provide more precise estimates of physical activity compared to self-reported or direct observation. The main drawback of this review was the limited number of included articles since most of the studies were using questionnaires to assess physical activity level. From those included articles, there were several methodological flaws in most of them. Although the studies were conducted worldwide, most were largely concentrated in the Western countries making a global representation impossible in developing or poorer countries. Therefore, more studies using objective measurements need to be conducted
